Background Using data from the Oxford Record Linkage Study (ORLS) we conducted a casecontrol study to examine pre-natal and early life risk factors for childhood and adolescent onset diabetes mellitus.
Pre-natal and early life risk factors for childhood onset diabetes mellitus: a record linkage study Michael Background Using data from the Oxford Record Linkage Study (ORLS) we conducted a casecontrol study to examine pre-natal and early life risk factors for childhood and adolescent onset diabetes mellitus.
Methods
We identified 160 boys and 155 girls born 1965-1986 and admitted to hospital with a diagnosis of diabetes during in the ORLS area. Up to eight controls were matched to each case on sex, year of birth and hospital or place of birth. We linked the hospital records for each child to all of that child's hospital records and to his or her mother's maternity record.
Results
There were no significant associations between subsequent diabetes and birthweight, gestational age, birthweight for gestational age, maternal age and parity. There were increased risks with not breastfeeding (relative risk [RR] = 1.33; 95% CI: 0.76-2.34), and with diabetes recorded in the mother during pregnancy (RR = 5.87; 95% CI: 0.90-38.3), but these were not statistically significant. There was a significantly raised risk with pre-eclampsia or eclampsia during pregnancy (RR = 1.48; 95% CI : 1.05-2.10). Conclusions Pre-eclampsia may be the result of an immunogenetic incompatibility between mother and fetus, and this early immunological disturbance might be related to incidence of diabetes in later life. Keywords Insulin dependent diabetes mellitus, pre-natal risk factors, case-control study, medical record linkage Accepted 28 October 1997
In Britain the cumulative incidence of insulin dependent diabetes mellitus (IDDM) to age 14 years was 0.2%' in 1988, similar to the incidence of all childhood cancer, it is not known what agents initiate and control the pathogenesis of IDDM, but a genetic predisposition 3 and environmental factors 4 are both involved.
Below 20 years of age nearly all people with diabetes are insulin dependent 5 with a presumed type I, autoimmune mechanism of pathogenesis. 6 Insulin dependent diabetes mellitus is characterized by an abrupt clinical onset but there is evidence that the disease process precedes this event by years, even in young children. 7 ' 8 It is possible that environmental exposures that eventually lead to IDDM may have occurred in infancy or in uuro. The congenital rubella syndrome is an established example of a pre-natal exposure that may lead to diabetes in later life.
A number of other pre-natal and early life risk factors have been associated with IDDM, but there are often conflicting findings. For example, some studies show that first bom children are at less risk than subsequent siblings, 1011 whereas other studies have found that being first born is associated with an increased risk.
1213 High birthweight has also been reported as a risk factor, 14 and although not significant, so too has lower birthweight. 12 ' 15 In one of the largest reported studies there was no association with birthweight. 16 Older maternal age has usually been associated with an increased risk of a child developing IDDM, 101214 ' 1718 however one study found the opposite, 13 and among mothers with diabetes the risk in offspring decreases with maternal age.
19 Not being breastfed, or having been exposed to cow's milk in early life, has been implicated as a risk factor for IDDM, but a recent meta-analysis suggested that the weak association between infant diet and subsequent diabetes may be due to biases.
Other associations have been suggested, but often with little or no subsequent confirmation. For example, mother's consumption of smoked foods at the time of conception, 22 By use of record linkage we were able to examine a variety of pre-natal and early life risk factors for childhood and adolescent onset diabetes, some of which have not been considered before.
Methods
Since 1963 the Oxford Record Linkage Study (ORLS) has assembled information to link birth registration, maternity, hospital admission and death records for individuals living in a defined area in and around Oxfordshire, England. From 1963 to 1965 the coverage of birth notification was most of Oxfordshire (population 340 000) and from 1966 onwards it was extended to all of Oxfordshire and to West Berkshire: a total population of about 800 000 people with about 14 000 births each year. 27 The ORLS maternity record contains details of each pregnancy, labour and delivery. The maternity information was abstracted from hospital case notes by trained clerks at the time of each pregnancy and delivery. For domiciliary deliveries the midwife who delivered the infant sent her notes to the ORLS, where clerks abstracted relevant information. Statistical abstracts of records of all subsequent hospital admissions for the mother and child were also routinely collected.
We searched the ORLS records of hospital admissions for discharge diagnoses coded to diabetes mellitus. Cases were identified as children who were diagnosed with diabetes 1965-1987, and who had been born during 1965-1986 to parents resident within Oxfordshire or West Berkshire. We linked the records for each child to all of that child's hospital records and to his or her mother's maternity record since 1965. We did not link back to births during 1963-1964 because of the difficulty involved in accessing the early records.
For cases born 1970-1986 we selected at random up to eight controls from all livebirths in the ORLS area. We matched controls individually to cases on sex, year and hospital of delivery, or if domiciliary to another domiciliary delivery. For cases born before 1970 it was not possible to match on hospital of delivery because of the way the data had been stored. Instead we selected at random two controls for each case, matched on sex, year and place of delivery, categorized as home or hospital.
Children with cystic fibrosis or major congenital anomalies, or who were pan of twin or higher order deliveries, were excluded from the study. In addition, controls were excluded if they had died before the date at which the matched case was diagnosed with diabetes, or if the control had been diagnosed with diabetes before that date. Relative risks were calculated by estimating rate ratios 28 ' 29 using conditional logistic regression for matched case-control studies 30 with the statistical package Stata. 31 Where appropriate tests for trend were performed by assigning each level of an ordered categorical variable a rank score (e.g. 1, 2, 3,...) and fitting the ranking as a continuous term in the logistic regression model. Statistical significance was assessed by comparing the log-likelihood ratio statistic with n degrees of freedom (LRS[nJ) to the x 2 distribution.
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Results
There were 315 cases (160 boys; 155 girls) born 1965-1986 in the ORLS area who subsequently had a hospital diagnosis of diabetes during 1965-1987. These cases were matched to 1525 controls: 87% of cases born 1965-1969 were matched with two controls each, the remainder with one control; 98% of cases born 1970-1986 were matched with five or more controls each. Earlier exclusions from the study included three children with a diagnosis of cystic fibrosis that pre-dated their diagnosis of diabetes (by 6-13 years), seven diabetic children with at least one mention of a major congenital anomaly, and three diabetic children who were part of twin deliveries. Table 1 shows the year of birth, and age and year of hospital diagnosis of diabetes for the cases. The mothers of three cases and three controls had diabetes recorded during pregnancy (relative risk (RR) = 5.87; 95% CI : 0.90-38.33). With so few affected mothers it was not possible to explore this association in more detail. Table 2 shows RR of diabetes, in relation to birthweight, gestational age, birthweight for gestational age, maternal age and parity. There were no significant associations between subsequent risk of diabetes and these factors. Adjusting the other variables for birthweight made no material difference to the results.
As shown in Table 3 , cases were less likely than controls to have parents classified to the social class grouping 'other occupations', which was made up of students, armed forces personnel, and after 1972, housewives. Among children of parents in social classes I to V the lowest risk was in class I, although there was no significant trend across classes I to V (P -0.57). Table 3 also shows RR in relation to pre-edampsia or eclampsia during pregnancy. This was associated with a significantly increased risk of diabetes in the offspring (P = 0.03). The relations with albuminuria (P = 0.88) and maximum diastolic blood pressure during pregnancy (P = 0.25) were not significant, but there was LGA. Large for Gestationai Age (above 90th percentiie for birthweight). AGA. Appropriate for Gestationai Age (between 10th and 90th percentiie for binhweight). SGA: Small for Gestationai Age (below 10th percentiie for birthweight). a significant overall association (P = 0.02) and trend (P = 0.01) with maximum systolic blood pressure during pregnancy. There was a small, but not significant, raised risk of diabetes with not breastfeeding at discharge (RR = 1.33; 95% CI : 0.76-2.34). Breastfeeding data were routinely collected only from 1976 so this result is based upon 60 cases and 458 controls bom 1976-1986, of which seven controls had missing data. There was no mention of Cocksackie infection, measles, mumps or chickenpox recorded on the maternity record for mothers of cases or controls. The mother of one control had a mention of rubella and another had a mention of herpes. Infectious mononucleosis was mentioned for the mother of one case and eight controls (RR = 0.98; 95% CI: 0.10-9.52). The mothers of one case and nine controls had a coded diagnosis of an 'other viral infection' (RR = 0.67; 95% CI : 0.07-6.12). There was no increased risk with rhesus incompatibility between mother and child (RR = 0.92; 95% CI : 0.47-1.80), and a non-significant raised risk with caesarean section delivery (RR = 1.28; 95% CI : 0.76-2.17). This result remained essentially unchanged after adjusting for birthweight. There was no indication of heterogeneity in the risk of diabetes by month of birth (LRS [11] = 5.78, P = 0.89), nor was there evidence for a sinusoidal pattern of seasonally (LRS[2] = 1.22, P = 0.54). There were no associations found with: size of baby's head; presentation at delivery; Apgar score; mother's blood group; mother's body mass index; episiotomy; and duration of labour.
All the above risk factors were examined separately in strata by age at diagnosis of the case (0-4, 5-9, and 10-14 years). The RR for pre-edampsia was elevated in all three age groups (0-4 years: RR = 1.34, 95% CI : 0.65-2.77; 5-9 years: RR = 1.49, 95% CI: 0.83-2.69; 10-14 years: RR = 1.57, 95% CI: 0.83-2.98) with no evidence for a difference by age (P = 0.95). There were significant trends with increasing maximum systolic (P = 0.001) and diastolic (P = 0.001) blood pressure of the mother for diabetes at ages 10-14, but at younger ages the associations were less clear. None of the other risk factors exhibited notable effects by age.
Analyses were also carried out for boys and girls separately. The RR for pre-eclampsia was elevated for each sex (boys: RR = 1.67, 95% CI : 1.04-2.68; girls: RR = 1.30, 95% CI : 0.77-2.17). There were no noteworthy differences by sex for any of the other risk factors.
Discussion
The analyses identified pre-edampsia or edampsia as a significant risk factor for diabetes in the offspring. Diabetes in the mother was also associated with a large increased risk in the children, although the numbers of affected mothers was small and the assodation was not statistically significant. The interpretation of the results presented here, however, depends on the validity of using routine data sources to identify cases and controls and to provide exposure information.
All perinatal exposure data used here were collected during pregnancy or shortly after birth, long before the diagnosis of diabetes. The data for the controls were collected from the same source as that for the cases. Thus the staff abstracted the data without any possibility of being influenced by the future disease status of the subjects. In addition the study did not rely on mother's recall, so there was no opportunity for recall bias.
Cases were diagnosed at hospitals that were covered by the ORLS. The ORLS data collection induded all National Health Service (NHS) hospitals in its area. Coverage of private hospitals was incomplete, but during this period only a small proportion of health care was provided by the private sector. The number of children with diabetes treated exdusively under private care, therefore, was likely to be small or none. Also outside the care of the NHS were dependants and children of armed services personnel, who may be treated in military hospitals. The number of children with diabetes treated exdusively in this way was likely to be small and the effect of this should be negligible, except perhaps for risk in relation to the sodal dass grouping 'other occupations', which indudes armed forces personnel. Indeed, we observed a defitit of cases in this group.
Eligible children may also be lost to the study if they migrated out of the study area and were subsequently diagnosed with diabetes in their new district or country of residence. We have previously considered in detail the bias that may occur when the perinatal characteristics of those who migrate are different from those who remain in the region in which they were born. 33 Only sodal class and parity would be expected to be affected by this bias, but the size of bias that might occur would not materially change the results of this study.
Among the children who develop diabetes and remain resident in the ORLS area, not all would be hospitalized at onset of diabetes. In Oxfordshire about 72%^ of patients were admitted to hospital at diagnosis, the remainder beginning insulin as outpatients. Children not entering hospital at onset of diabetes may preferentially be from families that can afford the time and expense to stabilize the child on insulin at home (i.e. an only child, or high sodal dass). It is likely, however, that many of these children will enter hospital at a later date, and so be ascertained by the study at that time. Almost half the cases in this study were admitted to hospital at least twice, with diabetes recorded again. Nevertheless it is probable a small proportion of eligible children with diabetes were not included as cases for this reason. There is also the possibility that a child with diabetes who never enters hospital is selected unintentionally as a control. This misclassification would attenuate the difference between cases and controls, although since diabetes is a relatively rare condition in childhood 1 it is unlikely that this had any material effect on the study.
The diagnosis of diabetes was taken from general hospital discharge summaries, and this diagnosis, or the coding of it during data collection or data entry, may have been in error. A misdiagnosis is not plausible because diabetes in childhood usually requires insulin treatment and hence a definitive diagnosis. The ORLS had kept copies of the original abstracted record for patients prior to 1982 and we checked the computerized diagnosis code against these records for 45 children admitted to hospital with diabetes and for five of the six mothers with diabetes recorded at delivery. One of the 45 children had at birth a diagnosis of 'diabetic macrosomia' coded to diabetes mellitus, and for all the other children except one we found a clinical diagnosis of diabetes. All five of the mothers had a diagnosis of diabetes. Thus errors in coding diabetes may have occurred rarely; however the inclusion into the case group of a few children without diabetes would have had a negligible effect on the results.
The diabetes diagnosed in the cases may have been secondary to some other condition. In fact, we knew of three children who had diagnoses of cystic fibrosis which pre-dated a diagnosis of diabetes by many years. These three children were excluded from the study because the aetiology of diabetes associated with cystic fibrosis is different from that of IDDM. Four cases were diagnosed with diabetes at birth, and seven in all before 6 months of age. Some of these cases may have had a transient neonatal form of diabetes. Excluding these seven cases made no material difference to the results. Although there was no verification of the insulin dependency of the cases, within the age group studied nearly all would have been IDDM 5 with a presumed type I, autoimmune mechanism of pathogenesis. 6 Several perinatal variables-as mentioned in the introduction -have previously been associated with diabetes, but there have often been inconsistencies and conflicting findings. In this study we did not find any significant associations, except with preeclampsia and maternal maximum blood pressure. There was a small, but not statistically significant, raised risk of diabetes with not breastfeeding at discharge. Routinely recorded breastfeeding data, however, may be an insensitive measure of actual breastfeeding practice because information about the duration of breastfeeding was not available. In addition, the mothers' discharge after confinement would have occurred after differing lengths of stay. Specific information about timing and duration of breastfeeding would only be available from interviews with the mothers, but recall bias would then become an issue. Studies like the present one that use existing records often show little association between IDDM and breastfeeding and the positive results seen in other studies may be the consequence of biases. 21 The RR in children of mothers with diabetes was large, but because of small numbers this was not significant. It is well established that children of IDDM parents have a greater risk of developing IDDM than children of unaffected parents, 35 as expected in a disease with a strong genetic component.' Maternal pre-eclampsia was consistently associated with an increased risk of diabetes in boys and girls, and at young and later onset. This association may, therefore, have been real, although there was no association between diabetes and maternal albuminuria and the association with maximum blood pressure was inconsistent. The routine recording and data abstraction of variables like albuminuria and maximum blood pressure, however, was likely to be less complete than recording the diagnosis of a serious and potentially life-threatening condition like preedampsia or eclampsia.
An association between pre-edampsia (maternal toxicosis) and diabetes was seen in one previous study (odds ratio = 1.23; 95% CI : 1.12-1.34), 18 but not in another smaller study (odds ratio = 0.94; 95% CI : 0.42-2.01). 12 Genetic predisposition to diabetes, however, might be a confounding variable: there is dear evidence that HLA-DR4 is strongly assodated with IDDM, 3 and inconsistent evidence on whether it is assodated with pre-eclampsia. Alternatively the perinatal period may be a time of particular vulnerability in relation to IDDM. Pre-eclampsia may be the result of an immunogenetic incompatibility between mother and fetus, 38 and it has been suggested that an early immunological disturbance might lead to type I diabetes in later life.
